Light from a Tm,Ho:YLF laser operating at 2051 nm is frequency doubled then coupled into a high Fabry-Perot cavity with manufacturer quoted finesse (F ) in excess of 300,000. The frequency of the laser is stabilized using the Pound-Drever-Hall (PDH) method. A two channel feedback circuit allows for laser frequency stabilization with a bandwidth of 2 MHz. This laser system has been used to drive the 6S 1/2 to 5D 3/2 transition in 138 Ba + , where a 2 ms laser-ion coherence times has been observed, demonstrating a linewidth of less than 500 Hz. The intensity noise of this system is analyzed and found to be acceptable for several proposed experiments on a single trapped barium ion.
I. INTRODUCTION
Diode pumped solid state lasers with 'eye safe' wavelengths near 2000 nm have received considerable attention for their potential to be used in LIDAR applications. A number of groups have reported frequency stabilizing similar lasers by locking the laser frequency to spectral features in a molecular vapor cell 1,2 as well as to a low-finesse (F ∼ 5) Fabry-Perot etalon 3 . The long-term drifts in laser frequency observed in these systems were between tens of kilohertz and tens of megahertz. While stabilizing the frequency of a ∼2000 nm laser to a broad molecular resonance may be sufficient for LIDAR applications, driving electric dipole-forbidden transitions requires a more robust stabilization scheme. Here we report on the frequency stabilization of a diode pumped Tm,Ho:YLF laser to a high-finesse FabryPerot etalon. The stabilized laser will be used to coherently drive the 6S 
A. Second Harmonic Generation of 2051 nm Light
Implementing a PDH lock to a 1025 nm reference cavity requires that we generate at least 100 µW of 1025 nm light so that we can comfortably accommodate power losses from a double passed frequency shifting AOM. Second harmonic generation (SHG) of light at a similar wavelength using a bulk periodically poled lithium niobate (PPLN) crystal in single pass configuration has been previously demonstrated with an efficiency of 10% W −19 .
The PPLN crystal used in this setup is 4 cm long and has nine parallel tracks with different poling periods. We used a track with a poling period of 30.25 µm and maintained the crystal temperature at 108
• C for optimum phase matching. However, in single pass configuration we were only able to reach a maximum conversion efficiency of 1.25% W −1 . The reason for this lower efficiency is not clear.
1025 nm SHG efficiency is increased substantially by placing the temperature controlled PPLN crystal inside a "bow-tie" enhancement cavity ( Cavity ring down measurements indicate the cavity finesse to be greater than 300,000.
Light rejected from the cavity is separated from the incident beam using a quarter waveplate and a polarizing beam splitter. The intensity of the rejected beam is detected with a high-bandwidth amplified photodetector (PD). A PDH error signal is derived from the photodetector output using a double balanced mixer.
Frequency stabilization of the Tm,Ho:YLF laser frequency is achieved by splitting the PDH error signal into a high bandwidth and a low bandwidth channel. The low bandwidth channel consists of an analog integrator circuit (I in Fig. 1 ) followed by a high-voltage amplification stage. The amplified signal is sent to the tuning piezo inside the laser head. The bandwidth of this channel is approximately 10 kHz. Higher bandwidth feedback is necessary to maintain a robust lock to the ∼7 kHz wide TEM00 mode of the ULE cavity.
To achieve this, the PDH error signal in the high bandwidth channel is sent through an analog amplification stage that provides variable proportional gain then to the control input of the voltage controlled oscillator (VCO) used to drive the 55 MHz AOM at the output of the laser. Both the VCO and the AOM have 2 MHz modulation bandwidths. With the gains of both feedback channels set correctly are we able to maintain a robust lock to the ULE cavity. With the 2051 nm laser locked to the ULE cavity we were recently able to observe 2 ms laser-ion coherence times on the 6S 1/2 to 5D 3/2 transition in 138 Ba 13 , indicating a laser linewidth of less than 500 Hz.
III. INTENSITY NOISE
One side effect of the frequency stabilization scheme presented here is that frequency noise slightly with frequency, as does the efficiency of the AOM itself. When the fast feedback circuit corrects for a fluctuation in laser frequency by changing the frequency of the VCO, the optical power after the AOM changes. We measured the intensity noise on the 2051 nm beam that was sent to the barium ion using a high bandwidth photodetector, then displayed the frequency spectrum using a spectrum analyzer. Relative intensity noise measurements of the free running laser and stabilized laser are shown in Figure 2 . The peak at 400 kHz corresponds to the oscillation relaxation frequency of Tm,Ho:YLF, which is discussed in 1 .
The peak in the locked signal is at ∼ 35 kHz is introduced by the frequency lock. The total relative intensity noise in the 1 to 600 kHz frequency band increases from -104.7 to -100.2 dB when we lock the laser to the ULE cavity. This excess intensity noise as well as the intensity noise at the relaxation frequency could be canceled using the intensity noise cancellation 1 , however we do not expect intensity noise to pose a serious problem for the planned experiments.
IV. CONCLUSIONS
Efficient SHG of 1025 nm light was demonstrated using a PPLN crystal inside a "bowtie" enhancement cavity. Using two channel feedback circuit, the frequency of a 2051 nm Tm,Ho:YLF laser was locked to a high finesse reference cavity using the Pound-Drever-Hall technique, resulting in a sub-kilohertz laser linewidth.
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